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a Saudi ArabiaIntroduction: Safely obtaining vascular access in the pediatric population is challenging. This report highlights our
real-world experience in developing a safer approach to obtaining vascular access using ultrasound guidance in
children and infants with congenital heart disease.
Methods: As part of a quality initiative, we prospectively monitored outcomes of all vascular access attempts
guided by ultrasound from January 2010 to September 2010. Variables monitored included age, weight, the time
from first needle puncture to wire insertion, site of insertion, number of attempts, type of line, and complications.
Results: There were 77 attempts (15 arterial and 62 venous) to obtain vascular access in 43 patients. The mean age
was 15 months (6 days–11 years; median 2.5 months). The mean weight was 7.2 kg (2–46 kg, median 3.8). Success
rates were 93% and 95% for arterial and venous cannulation, respectively. Mean time from first needle puncture
to wire insertion was 3.9 min (0.5–15 min, median 2 min). Fifty-five (75%) central line cannulations were successful
from the first puncture; 17(23%) were successful from the second puncture; and one case (2%) required three punc-
tures. Thirty patients (45%) weighed less than 3.5 kg. This lower body weight did not affect success rate, which was
unexpectedly high (96.6%). There were no associated complications.
Conclusion: Ultrasound guided vascular cannulation in critically ill pediatric patients is safe, effective and effi-
cient. This approach had a high success rate, and was associated with zero complications in our setting.
 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
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Central vascular access is a lifesaving proce-dure in small compromised infants. Land-
mark-guided insertion is associated with a high
failure rate and added complications [1–5]. The
use of ultrasonography facilitates venous or
arterial cannulation. In this study, we report
real-world outcomes of vascular access underultrasound guidance in children with congenital
heart disease. The techniques of line insertion
used in our center are described in detail.
Methods
As part of a quality initiative, we prospectively
monitored outcomes of all vascular access
attempts guided by ultrasound from January
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for central venous or arterial line insertion on
admission to the unit. As our study is observa-
tional and descriptive of our routine practice with
no new intervention, we did not require ethical
committee approval. We documented age, weight,
time from first needle puncture to wire insertion,
number of attempts, site and type of the line,
and short-term complications (including arterial
puncture, hematoma pneumothorax and hemo-
thorax). The main operators were pediatric cardiac
intensivists who had acquired basic training in
echocardiography while rotating in the pediatric
cardiology department. In addition, they attended
a critical care ultrasound course, which included
hands-on training in ultrasound-guided vascular
access and had one or more years of experience.
Microsoft Excel 2007 software was used for statis-
tical analysis.
Ultrasound probes
Straight linear probe (12L-RS) from General
Electric Company (GE) were used for all access
points, except for neck lines in smaller children
where a Micro-convex probe (8C-RS from GE
company) was often found to be helpful. ShortFigure 1. Probe marker should be in the same direction as the marker
longitudinal access.size high frequency linear probe (which is the best
for neonatal access) was not available in our unit.
Primary scanning and image configuration
After choosing a suitable probe, we aligned the
marker of the probe in the same direction as the
marker on the screen (Fig. 1).
To optimize the image we chose vascular mode,
and increased the frequency to the maximum.
Higher frequencies for near objects provided the
best resolution. Focus was adjusted at the level
of the vessel. Depth was reduced to optimize ves-
sel visualization. We scanned the veins of patients
to find the best site for cannulation. If venous
thrombosis was suspected by the presence of
decreased vessel compressibility, attenuated
Doppler flow, or visible thrombus, then the site
was considered not suitable, and no attempt
would be made to cannulate the vessel.
Preparing the patient
Shoulder support was usually required to obtain
optimal neck vessel visualization and cannulation.
Similarly, hip support facilitated femoral line
insertion. Patients were given adequate sedation
during the procedure with continuous monitoring.on the screen. (A) Example on transverse access. (B) Example on
Figure 3. In transverse out-of-plane approach, keep the needle away
from the probe at the same distance as the vessel depth, and 45 from
the skin. You need to sweep the probe back and forth to see the tip of
the needle.
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sedation was required, we applied topical
Lidocaine one hour before the procedure.
Preparing the probe
Ultrasound gel was placed on the tip of the
probe, which was placed in a sterile sleeve. The
image quality obtained was similar to that
achieved with direct skin contact.
Line insertion
Vessels can be visualized in transverse or longi-
tudinal view. In longitudinal approach, the needle
is in-plane. In transverse approach, the needle can
be in-plane or out-of-plane (Figs. 1–3).
In newborns with tiny vessels, we found it more
helpful to alternate both transverse and longitudi-
nal techniques by aligning the needle on top of
the vein, puncturing the skin, then rotating the
probe to longitudinal view before puncturing the
vein in order to have the best needle position
within the lumen of the vessel.
To fix a 20G, 8 cm arterial line (Leadercath
Arterial from Vygon), 20G needles with straight
0.01800 wire were used. The same line was used
for venous access. After confirming good venous
backflow, we replaced the Leadercath Arterial
with an appropriate central line. If we had
difficulty introducing the wire, we used a floppy
tip straight wire, which is the most appropriate
for small vessels.Results
Total admissions to the unit during the study
were 328 patients. Ultrasound was used in 77
attempts to obtain vascular access in 43 patients.
Mean age was 15.4 months (0.2–132, median 2.5).
Mean weight was 7.2 kg (2–46, median 3.8). OutFigure 2. (A) Transverse out-of-plane approach is where the needle is
Transverse on-plane approach is where the needle is on the same plane aof 43 patients, 22 were males (51%). This low num-
ber of cases reflects the high number of line inser-
tions done in the cardiac theater as part of the
surgical procedure. Out of 15 arterial line inser-
tions 14 were successful (93.3%). Out of 32 femoral
venous cannulation, 30 were successful (93.7%),
and 29 out of 30 internal jugular venous cannula-
tion were successful (96.6%). This gives a total
venous success rate of 95%. Mean time from first
puncture to wire insertion was 3.9 min (0.5–
15 min, median 2 min). Fifty-five lines (75%) were
successful from the first puncture, 17(23%) were
successful from the second puncture, and one case
required three punctures. A 96.6% success rate
was achieved in the 30 patients (45%) that
weighed less than 3.5 kg. When we failed to get
vascular access in one site, an attempt was made
in another site. All our patients had successful line
insertions by ultrasound guidance. None of them
required vessel cut down. There were no associ-
ated short-term complications.almost perpendicular on the probe plane, and at 45 on skin. (B)
s the probe, at 45 on skin.
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Children with congenital heart disease are
exposed to multiple procedures, and frequently
require vascular access for diagnostic, interven-
tional or medical reasons. The use of 2D ultra-
sound to guide vascular access improves the
success rate and decreases complications in adult
and pediatric age groups [1–5]. A meta-analysis of
27 articles showed that cannulation under two-
dimensional ultrasound guidance is quicker and
safer than the landmark method in both adults
and children [1]. In 95 infants booked for cardiac
surgery, and who were randomized between
ultrasound and palpation, the success rate was
100% in the ultrasound group, with no carotid
artery punctures. In the palpation group, the suc-
cess rate was 77%, with a 25% incidence of carotid
artery punctures [2]. Hosokawa found that real-
time ultrasound is superior to ultrasound skin
marking in internal jugular vein cannulation in
the pediatric population [4].
Venous thrombosis after ultrasound-guided
cannulation is reported to occur in less than 3%
of cases [6], while other studies report an occur-
rence of up to 40% using palpation [7].
Ultrasound guided vascular access in pediatric
patients is reported to be successful in 90–99.8%
of cases, which is comparable to our rate of 95%
[6,8–10]. In adults, the success rate is much higher,
reaching almost 100% [8]. Denda reported a suc-
cess rate of 76.9% in newborns less than 3.5 kg
who underwent cardiac surgery [9]. In our series,
the success rate in a similar group of babies
weighing less than 3.5 kg was 96.6%.
Pirotte and Veyckemans described an elegant
method to access the subclavian vein by using lin-
ear probe or hockey stick probe [11]. We decided
to select the femoral or internal jugular as first
and second choices, and none of our patients
required a subclavian line during the study per-
iod. Schindler et al. recommended a sweep scan
to detect the wire position during subclavian line
insertion. They also described other techniques,
such as the supraclavicular approach for subcla-
vian vein cannulation [12].
Good quality training is of paramount impor-
tance in the field of ultrasound-guided cannula-
tion. Our physicians attend critical care
ultrasound courses, and they receive hands-on
training on phantoms. Moureau et al. effectively
described the minimal requirements of training
for insertion of central venous access devices,
from evidence-based consensus established by
the World Congress of Vascular Access [13].Useful tips during line insertion
a. Needle not seen on the screen:
On longitudinal approach: If the needle is not
visible on the monitor, the probe should be
moved right and left to visualize the needle.
Or, remove the needle and enter with an
angle more parallel to the skin (this will
make the needle more visible). Another
way to improve needle visibility is to rotate
the probe to a transverse view and align the
needle on top of the vessel, then rotate the
probe back to longitudinal plane.
On transverse approach: If the needle cannot
be seen, the probe can be moved in a sliding
motion backwards and forwards until the tip
of the needle can be localized. (Remember:
the tip is the most echogenic part of the
needle).
b. Wire not passing through:
Confirm the needle tip position. Rotating the
probe between longitudinal and transverse
views may help. Do not use J-wires; use only
floppy straight tip wires.
Conclusion
Ultrasound-guided vascular cannulation in crit-
ically ill pediatric patients is efficient, safe, and
effective. It is associated with a high success rate
and, in our setting, no complications. Evidence
in the literature and our real-world findings sug-
gest that this technique should be universally
adopted in pediatric cardiac intensive care units
and pediatric cardiac operating rooms. This
method of obtaining vascular access is safer and
has a higher success rate when compared to liter-
ature benchmarks using ultrasound mapping or
landmark-guided insertion.Acknowledgement
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